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TUBRICATING-OIL EMULSIONS have in recent 
JL years eomc into very general use iu the dormant 
and delayed-dormant spraying of dcciduous-fruit 
orchards and yard trees in most parts of the eountry 
and to a lesser extent for trees in foliage. This bul- 
letin gives directions for the preparation, storage, 
and use of lubricating-oil emulsions, describes tlie 
different enuilsifiers which have been found suitable 
for the preparation of these sprays, and gives spcei- 
flcations to guide the grower in selecting the proper 
kind of oil for use iu orchard spraying. The orchard 
insects which may be readily controlled by the use 
of oil are briefly discussed, and the proper strength 
of lubricating-oil emulsion for the control of each 
species is indicated. 
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INTRODUCTION 

WHEN USED IX ORCHARD SPRAYING, oils should be 
mixed with ^vatcr, in order that they may be applied oeo- 
noinically and with safety to the ti-ees. While not soluble in water, 
oil may be more or less evenly distributed in water by a process 
known as emuLsification, in which the oil is broken up into extremely 
fine droplets (fi^j^. 1), similar to the <5lobules of bntterfat in milk. 
The einiilsifier holds the oil globules iipart and prevents the separa- 
tion of the oil from the water. 

Two general classes of petroleum oil sprays are usually recog- 
nized, miscible oils and oil emulsions, the distinction being based 
on the character of the stock, or concentrated material. In the 
preparation of stock emulsions the oil is ])roken up into fine globules, 
and water is included in the mixture in proportions ranging up to 
50 per cent. These stock emulsions vary in consistency from that 
of thin cream to that of a thick, jellylike paste. In the case of a 
miscible oil, the emulsifier \^ dissolved in the oil, and the concen- 
trated material is prepared with very small quantities of water, 
which results in a clear stock, similar in general appearance to 
ordinary lubricating oil. When diluted, however, emulsions and 
miscible oils are vary similar, the chief difference being that the 

1 The cxpcrlmontal information on which this builotin Is based has been obtained by a 
number of workers in the Bureau of Kntomoloj?y and pisewhero. Apparently tho first 
experiments with lubrloatlng-oil emulsions for the control of insects attacking deciduous 
fruits were conducted nt Kentonvllle, Ark., by A. J. Ackerman, In 1921-22. Since that 
time work with lubri eating-oil sprays has also been conducted by the liureau of Kntomol- 
^p^^^^^i^^^T^f^, Wash., by K. .T. Nowcomei- and M. A. Yothers ; at Fort Valley, Ga., by 
O. I. Snapp, i\ U. Aldon (resigned), and II. S. Swingle (resUned) ; at Vlneonncs. Ind., 
by n. A. Porter and It. F. Sazamia ; at Sllgo, Md., by E. H. Slegler and liUther Bi own ; 
and at Washington. 1). C, hy C. H. Ulehardson (resigned) and 11. O. Hurdette (resigned). 
K. C. Uoark, of the Bureau of Chemistry and Soils, and E. L. Griffin, of the Kood and 
Drug Administration, have cooperated in the chemical and certalu other technical phases 
of the oil Investigations. 



FAUMKlts' BULT^ETIN 10 7(5 



♦ 



oil ,l,„,,k.„ in » niiscil.le oil .n;o . r„l. ™«i.lc,«bly <l..m 

r tiz;?t^.i^iii t™*'!''' l<\ -p.-.. i.^o ; - 
?K*„..ai„. i^,flioie„. oil Swtr^rs io,;:rcoii;; ^ 

«=^uch a lii<,^h ])roportion of oil that I 
injury to the troatetl plants may 
result. . 

A coniplcto separation ot tlie ou 
as ju^t described should not be con- 
fused Avith layering," or - cream- 
incr;' ^Yhicll occurs with many ml 
sprays, usually after they are ( i- 
hited. Layering is analogous to the 
rising of cream on milk, the cream 
in this case consisting of the glob- 
ules of oil, accompanied by the 
ennilsifier and any oth(u* solid or 
semisolid nniterials Avhich may be 
present. While creaming often re- 
sults in apparently distinct layers 
of materials, a moderate amount ot 
stirring or agitation restores the 
entire mixture to its original uni- 
form condition. 

AYhen dilutod in the spray tank, 
the different oil sprays vary greatly 
in their tendency to sej^arato, or 
break down. In general, the miscible oils are moVo stable than the 
oniulsions. 

LUBRICATING-OIL EMULSIONS 

Tn rocont year^ it has boon found that emulsions prppnrod from 
certain Jheaphibricating oil. are roniarkahlv effective at low concen- 
trations nnd those elliclont and ocononiiral od sprays have come into 
vcrr"enS use in the control of the San Jose scale and of certain 
other insects in the (lecidnoiis-f luit orchards m many parts ol the 
country. For n few years after lubrlcating-od emulsions Avore iirst 
nitroducod, many ord'uirdists prepared their own s-tock material, but 
at present most of it is made by insecticide ninnufacturers, or by 
small local plants supplying near-by growers. A mniiber of ovchnni 
men, however, are still making their own stock emulsion, utilizing 
farm labor which would otherwise be less profitably einploved during 
slack periods through the winter months. For the benefit ot sucli 
.rrowers and others, detailed direoticms are here given for the prepa- 
ration of a mimher of different kinds t)f oil emulsion. 




I'KUTBB 1.— Dllutt'd Oil emulsion. mnK- 
iiiflcd 4UU thucs to show thi- tiny 
globuUs of oil floating in the water 
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The making of liibricatiiit^-oil oimiJsious, as well as their use in 
tlie orchard, should bo carefully snpervisod, in order that the oil 
may be properly eniiilsifiod and properly diluted. If a scum of free 
oil is found in the spray tank, the cause should bo determined, and 
the condition corrected before any further vsp raying is done. A 
broken emulsion, in whieh the oil has risen to the top in a separate 
layer, is unfit for spraying purpoj^es. 

OIL SPECIFICATIONS 

The oils Avliich have been found suitable for the dormant spraying 
of deeidnons-fruit trees are the lighter lubricating oils, such as are 
used in slow-moving bearings, and some of the oils orclinarily used 
for floor dressings. Such oils have sometimes been referred to as 
'' red engine " oils, but this term is too indelinite for use when buying 
oil foi' the control of insect pests. Certain technical specifications 
will describe more definitely the type of oil which has been found 
most satisfactory. The important properties appear to be viscosity ^ 
and volatility.^ 

The viscosity which an oil shouKl possess, to be suitable for 
dormant spi aying, seems tt) vary somewhat in ditFerent i)arts of the 
country, apparently because of clinuitic conditions. In northwestern 
Arkansas oils having a viscosity of about 200 seconds Saybolt have 
been found to have the maximum effectiveness, and oils of this vis- 
cosity are used by most of the growers in the Ozark fruit districts. 
AVorkers in the southeastern i)art of the United States recommend 
oils having a viscosity of 125 seconds Saybolt or more. In the more 
northern fruit sectioiis oils having a viscosity of 00 to 100 seconds 
Saybolt seem to give as good results as the more vi^couM ones, pos- 
sibly because the lower temperatures whicli normally prevail during 
the dormant season permit the oil to reuniin longer on the trees. For 
summer spraying, oils liaving a viscorsity of a little less than 90 sec- 
onds Sa^'bolt arc often Used. 

The volatility sh(mld be low; in other words, the oils should 
be of such quality that they will not evaporate too quickly. 

A third specification, known as the unsulphonated residue, indi- 
cates the degree of refinement of the oil. This is expressed as a 
percentage, a high value indicating a high degree of refinement. 
While this projuMly is of significance chiefly in connection with oils 
for siunmer si)raying, the recommendations in the Northwest ^ 
call for oils^ showing an unsulphonated residue of not less than 50 
per cent. This is broad enough to include the majority of the 
lubricating oils in couunon use for spraying purposes. 

The base from which the oil is derived, either asphalt or paraflin, 
appears to be of no special importance. 

2 Viseosjty 1<5 speeffled technk-aUy in soeonds— the lonsth of time it takes a given quan- 
tity ot oil to pass through a Kiven opening under standard condUlonK. (Most frequenUy 
dptermiiied in the Saybolt universal viKCosimeter at 100° V.) ' 
^ \olatility iH moasured by tiie perecntagre of the oil which evaporates und*^r certain 
standard conditions. 

* llpcomraendations mado hy the western cooperative oil-spray project (a proup of Inves- 
tij;ators in the Northwest) for 1031. 
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Probably the n.ost widely :'^ti^:rto 
prepared accordmg to a *"™"l'\,i\7R , eont r o of citrns pests, 



This formula 
its preparu- 



A T TkSnZOal^ Bureau of Entomology. 'J 

4iL™rn'\c cnuasifier, nnd heat is necessary for 

tiou. 

B0irJ3I> SOAP-OrL EMULSION 

1 gallon, 

Luln-icatin^' oil """" 1 pound. 

Potash (potnssium) ft^h-oil sofip — Va Ui^^^on, 



F.O..H. -2. Kqul.munt. which in P»;f}!';-'"f/" iJiV"/,^^ Ml'o'tov 

meiits with lubruntiiiK-oil cmulMioii on aodduous ortimni iicis, auu 
mnking small quantitloa of matorlal 

satisfactory than soda soap, because It docs not become hard on 
cmding. The water used should be soft if poss ble, like ram ^vater. 

The Ingredients are mixed together, the whole brought to a boU, 
and then, while still hot, pumped at least twice through a small open- 
ing, such as that in a spray gun or a very coarse disk {"^^ 
emulsion should be pumped from one contamei; another, rather 
than back into itself, so that all of the material wdl pass throng 
the pump. A bucket pump (fig. 2), vigoi-ously used, will give . 
crood emulsion, although for making large quantities n.P"^y^r-*^"^^" 
mimp is of course desirable. The emulsions made with the largci 
pumps are usually more st«blc than those made wiUi a bucket pump, 
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and will keep for longer periods of time, since the greater pressure 
breaks the oil up into finer droplets. Hot oil is very dt>6tructive to 
fiber or rubber pump packin<^, and if large quantities of emulsion 
are to be prepared, metal packin<>: will be necessary. Various sources 
of heat have been snccessfully employed. Some manufacturers use 
a steam-jacketed copper kettle, while others use live steam, intro- 
duced into the mixture through a coil in the bottom of the cooking 
vat. (Fig. 3.) 

Certain modifications of the foregoing formula have been sug- 
gested from time to time. In some cases the quantity of soap has 
been increased to insure stability when slightly hard water must be 
used for diluting the emnLsion. If very hard water must be used for 
spraying, however, some other means of preventing the breaking of 




FiouKK f5. — Equipmont suitable for the. prtparaUon of oii emulsion on a commercial 
scale. The cooking is done by live steam from the boiler 



the emulsion must be employed. Another modification has been a 
reduction in the quantity of water used, the chief advantages being 
a saving in storage space and a lessening of the danger of freezing. 
The water content of a stock emulsion made according to this for- 
mula may be reduced to 25 per cent (one-fourth of a gallon of water 
for each* gallon of oil); beyond this point certain difficulties may 
develop. 

The standard formula ordinarily results in a stock containing 
approximately G6 per cent of actual oil by volume,*^ although some 
allowance has to be made for the manner of manufacture. If the 
stock is cooked in a shallow container over an open fire, excessive 
evaporation may unduly reduce the volume of water, and thus in- 
crease the proportion of oil. The use of live steam causes a slight 
increase in the quantity of water present. The pumping sometimes 



BThrouffhont this buUctin the oil content both of stock emnilsions and of diluted oii 
sprays is exprt«fiscd as the percentage of oil by volume. 



incornoraie^ moro or loss air into tl.o mixtnro. but tho nnnlMon usn- , 
ally shrinks to norin,,! volu.ne on sta.uhn- and cooling. 

foi-multis will be given. 

Resin fish-oil soap emulsion^ 

0 gallons (about 05 lunuuls). 

I.nbricatinjr oil - ^ L-alloii (about 8 pouiul?«). 

Itoiii ft»U-oil soap . . 

rapidly into tl e si'ap "J , , bi-conit soinrwlint 

"„tll!:Tntr:f'^s.";?i\r;;™rh,y^^^^ 
Skr,Ut7ZS";:.t»itf.'^^^ 

" 'mulsifi.Hl. This emulsion may bo n.a.le in a small way with a 
buckot and paddle; for quantity production . po^or nuxor .s 

*^'1C''ilock*emulti(m ma.le atrordinji to this formula contains ap- 
proximately 90 per cent of oil by volume. It should be stored ,n a - 
i,rbt containers Any free oil found on the surface can bo stirred 
So th^n xture without difliculty. Tn diluting this jellylike stock 
work small quantities of water into it at the start, instead of putting 
the stock material diroctly into large- quantituis ot water. 

r<,Ul-»tirrc(l mnip-iiil rmiiUion 

. ^, ,, _ 1 Kallon. 

l.iibricatinK <iu -— - i iioniitl. 

S.mp (iiotasU lisli-oil soap, 30 ]wv cent actual sdap) i 1» " 

Stir the soap and oil together as directed above. 

rSK OF St)MM)n, KMUI.SIONS Wn U UMtl) W.^TEUli 

When a soap-oil emulsion is diluted with hard water, wliich is the 
onlv water available in many orchards, the soap is immediately 
■ittacked by the calcium or other mineral salts present, torining 
insoluble soaps which are then uselos as emulsifiers. fins liberates 
the oil, which i-ises to tlie surface in the spray tank. If the water is 
only slightly hard, the nso of a little additional soap m the prepara- 
tion of the ennilsi(m will often overcome the diflicu lty. The einul- 

r. 'J"", by E. 11, SSleuUn- iinil l.uther liiown, IksuwI b.v the liuivau ol bntonmiotj i" 

resin flsh-oll soap much useO In prepurluis these !^»^«i<>^\p»l^P}!r^?]"'^i'i!^r ^37 
f,,lloxvlns; composUlon: rish-«ll s6ap, 1« per cwt ; rosm soap, 47 per cent, water. .J< 



per cent. 
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sions iDrepiired with resiu fish-oil soap are more resistant to the 
action of hard water than those made according to the standard 
formula, but even the^e break dow^n in some hard waters. 

The difficulty with hard water has been successfully overcome in 
many eastern and middle-western fruit districts by making a weak 
Bordeaux mixture (y2-y2-r)0) with the water used in diluting the 
emulsion, before the oil-emulsion stock is added. When the soap is 
eliminated by the action of the hard water, the Bordeaux acts as a 
substitute emulsifier, and nuiintains the emulsion. The resultin^^ 
mixture layers rather rapidly, however, and a moderate amount o1 
agitation is needed to insure a uniform emulsion. The agitation 



SIDE VIEW 




POWER 



PULLEY 



IMOITRH 4. — Equipment uned for the preparation of rofdn flsh-oil Koap-oll omulfciiou on a 
small commercial scale. This t»ort of equipment is also wilUble for making other cold- 
stirred soap-oil emulsions. (After Slerl«r and Brown. See footnote C) 

provided by present-day sprayers is more than adequate for this pur- 
pose. The use of Bordeaux mixture to overcome the action of hard 
water on soap emulsions involves bothering with additional ingredi- 
ents, but the growers in some eastern and middle-western districts 
have adopted this practice. In other districts, especially in the 
Northwest, the tendency has been toward the use of the soapl(«s 
emulsions. 

Sometimes the presence of residues of lime-sulphur or Bordeaux 
mixture in the spray tank causes oil emulsion to break down in a 
similar manner as occurs with hard water. All such foreign matter 
should be washed out of the spray tank before the use of a soap-oil 
emulsion is attempted. 

64927'— 31 2 
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STOKAOB Of SOAP-OIL KMVLSION 

A well made soap-oil stock emulsion is stable for a fairly long 
period, and no Salty is likely to be experienced if the quant 
Sred for an entire dormant season is stored from fall unt 1 
3c A gradual separation takes place, however, and stock emul- ' 
sFons^cai^ieKver frSm one year to the next are oft^n m poor 
condition the second season. oi^i 

Stock emulsions should be stored in clean ,contaniers Old lime- 
sulnhur bTiiSs should not be used for storing soap-oil emulsions, 
ince it k almost impossible to remove the l?me-sulphur so com^ 
pTetely that the emuliion will not be broken down by the action of 

*'i;:S.?htbl>iTcdlock emulsion made according to the Gov 
ernmeirf mnula, care should be taken to prevent Ireez.ng. Whi e 
the tnie freezing point of this emulsion is only a degree or two 
Slnw 4° F the itock may often be " undcrcoolcd " to a point as 
?ot as 25° or even 2^° be^fore freezing actually sets in. Frozen 
e^milsfons sometimes break down, especially if thev are moved about 
Se stm frozen If allowed to thaw out gradually ^vxthout being 
dSurbed ho ve^^r, thev are seldom seriously damaged. The cold- 
Sd soVp-oil emulsions do not freeze very readily, and may be 
Qflfflv stored at tomijeratures nearly down to zero. 

Hed hibricating-oil emulsion which has been stored for long 
peS sllld be thoroughly stirred before any materia is drawn 
o{?, since the excess water and soap present tend to settle to the 
bottom, forming a separate layer. 

SOAPLESS EMULSIONS 

Certain materials other than soap are very good enmlsifiers, and 
oil sprays prepared with these materials have certain advanta|;es 
not po^essll by those in which soap is used, chiefly that of mixing 
?eadfly with hard waters. Two of these emulsions were first sng- 
cesteci in this country by workers at the Missouri Agricultural Ex- 
Sment Station, and al-e sometimes referred to as " Missouri cold- 
Inixed emulsions." As the name implies, no heat is recpured in 
their preparation. These formulas are as follows: 

CA1X.IIJM l.-A8KI\ATB-«n, EMULSION 

. , „ ., _ 1 gallon. 

I.ubrlcatlnR oil — - 2 ouiieeH. 

Cnleium easeiimte ■ — - " w „aiion. 

Water 

With a. small quantity of water, work the ealcinm casemate into a 
thin paste free from lumps; add the reinamder of the water and 
then the oil; pump several times from one container into another 
through a small opening, such as that in an ordinary spray gun. 
The preparation of satisfactory cold-mixed emulsions requires 
greater pressures than are nee<led in making the boiled soap-oU 
emulsion, and an ordinary bucket pump is often inadequate lor tins 
purpose. Much better emulsions may be made with a power-driven 
pump The calcium caseinatc should be fresh, since material whicn 
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has been on hand for lon^jj periods is often nnsiiitable for use as an 
emulsifier. The stodc emulsion prepared according to this formula 
should be used within a day or two of the time it is prepared; if 
stored for longer periods, the oil often separates, making it impos- 
sible to obtain a uniform emulsion when it is diluted. Some growers 
use a power sprayer for preparing these emulsions, making up either 
a day's requirements when starting operations in the morning or 
enough for each tank load as needed. In preparing large quanti- 
ties, the material is mixed in the spray tank, pumped into barrels 
or other containers, and then pumped back and forth until emulsili- 
cation is complete. For this purpose an overhead suction hose is 
convenient. In making only enough for a tank load at a time, the 
quantity of material is usually small enough so that a good emulsion 
may be made by merely pumping it through the spray nozzle back 
into itself for a few minutes before filling the tank with water. 
When snuill quantities of oil are mixed in this way, a little of the 
stock mixture may be forced into the air-pressure chamber, and is 
retained there until the pressure runs down when the tank is about 
empty. At this point, this concentrated oil flows from tlie pressure 
chamber back into the tank and is sprayed out with the last few 
gallons. This means that for the most oi the tank load the oil con- 
tent of the spray is sliglitly below the required dilution, while at 
the very end it is stronger than necessary. Releasing the pressure 
for a moment after the tank has been filled will overcome this 
difficulty. 

The calcium caseinate-oil emulsions are usually unaffected by 
hard waters, although in New Mexico it has been found that waters 
containing large quantities of magnesium salts br^ik down emul- 
sions of this ty2)e. 

BOROKAUX-OIL EMUISKKSS 



LuhricatlnR oil . ^ 1 ^nWon, 

('oi>[)or sulphate ^ . 2 ounces. 

Hyclratod lime__- 3 ounces. 

(or unslaked liino - 2 ounces). 

AVater gallon. 



Dissolve the copper sulphate in the greater pai't of the water. 
(The copper sulphate should be dissolved in a nonmetal container.) 
Stir the lime into the remainder of the water, then add it to the 
copper sulphate solution, stirring vigorously. In other words, 
prepare a Bordeaux mixture. Add the oil, and pump as outlined 
for the preparation of the calcium caseinate-oil emulsion. As with 
the calcium caseinate-oil emulsion, the stock should be used within 
a few days of the time it is made. Both of these soapless emul- 
sions layer rather rapidly when diluted, and vigorous agitation 
should be maintained in the spray tank at all times. 

Bordeaux-oil emulsion may also be prepared in the spray tank as 
needed, a tank load at a time. In case additional Bordeaux mix- 
ture is being used as a fungicide, the entire quantity of copper 
sulphate solution and lime may be added to one-third of the tank 
of water, the raw oil added, and the whole pumped back into itself 
for a few minutes. The filling of the tank may then be completed. 
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PKOPRICTAKY SOAPIXSS EMULSIONS 

A number of proprietary soapless e.aulsions have made their 
aptcarrce on thl n arket/and ^or the mo.t ^^^^^^^^^^ 

lo^ntZioritconuneu.\i\ by the nmmifaotnrers on the hxh.1. 

DILUTION OF OIL EMULSIONS 

The dilutions recommended for lubricatins-oil """l^^""^ are 
usually expressed as percentages of oil, ^"'l Vs^/'^^ reiom 
notinl oil rather than to the proportion of stock used, iiie recom 
?nemlati ms assume that the stock contains some standard proportion 
^/n , s^^allv 66 cent. On this basis, to obtain 100 gallons of 
f 2 c nt diM^^^^ 3 gallons of stock will be required; for 

3 «e? ceS of oil 41/, gallons will be required; for 4 per cent of oil 
6 Sallons wUl be required. If the stock material contains more or 
lesToil thrn the proportion resulting from the use of the standard 
formula the pro^r quantity of stock to u..e may be ascertained 
from Table 1. 

TAnLK l.-nuuthn toMc { „■ me of stork lubrioatino oU emnUiom of m^rcnt 

oil <^}n tents 



Quantity of stock i needed to obtain 
given i)ercentuges of oil in lOOgallom 
of diluted material 



Oil content of stock material (per cent) 




1 per cent 


2 per cent 


3 per cent 


4 percent 




Oallms 
2 
2 

1V4 

i 


Gallons 
4 

3^ 
3 

2H 


Gallons 
6 

6 

iH 

4H 
4 

3^ 

3H 


Gallons 
8 

6^ 
6^ 
5^ 
6H 
5 


65 

75 --- - • - • 


90 ■ - 


I Fractions rounded ofl in each case to next higher one-fourth gallon. 



MISCIBLE OILS 

A number of reliable and effective proprietary mi^cible oils are 
available on the market. These oils differ in composition, and no 
specific directions will be given here for their use. In most cases 
the manufacturers reconunend their use at 5 per cent or at sUgmiy 
f^reater strengths (1 to 20 or 1 to 15), although in some mstances 
the recommendations have betMi reduced to 3 per cent or 4 per cent 
(1 to 33 or 1 to 25). ^ _ 

IMiscible oils have certain advantages over the emulsions; tney 
are very convenient to use, the mixing operations do not require 
such close supervision as is necessary with the emulsions, they may 
be stored indefinitely, and they do not freeze readily. 

Tlie relative coverhig powers of the miscible oils and the lubri» 
oating-oil emulsions appear to he approximately equal, according 
to t<^sts conducted by the Bureau of Entomology. 
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OIL SPRAYS FOR SUMMER USE 

The oil spraj^s in common use for dormant spraying, when eni- 
ph)yed at ellective strengths, are unsafe on trees in foliage, although 
in emergency cases certain enndsions of ordinary lubricating oil 
have been used on apple (but not on peach) with coniparatively little 
injury. In recent yeai*s it Iws been found that higldy refined oils 
of the type used for medicinal purposes, and often referred to as 
"white,'' or " crj^stal," oils, are much less injurious to foliage and 
fruit tlian the ordinary lubricating oils, and that the Mdiite oils may 
be used to a certain extent during the growing season. These sum- 
mer oils are available chiefly in the form of soapless emulsions of the 
l)aste type. While favorable results have been reported from the 
use of these oils under some conditions, injurious ellects have been 
noted in other cases, and the margin of safety appears to be a very 
narrow one. Further ex])erimental work is needed before general 
recommendations can be nuvde as to the summer u?^e of white oils in 
deciduous-fruit orchards. 

MIXTURES OF OIL SPRAYS WITH OTHER MATERIALS 

WITH BORDEAUX MIXTURE AND COPPER SULPHATE 

Practically all oil enndsions, as well as some niiscible oils, mix 
readily with Bordeaux mixture, and such combination sprays are in 
rather extensive use in some sections in the dormant spraying of 
pe4ich trees. The Bureau of Plant Industry has found that this 
combination spray gives satisfactory results in the control of peach 
leaf curl. In the control of the San Jose scale, however, the ad- 
dition of full-strength Bordeaux mixture to oil emulsion has been 
found to reduce to a certain extent the effectiveness of the oil, but 
this may be overcome by a moderate increase in the strength of 
the oil. For example, if 2 per cent of oil used alone has been found 
necessary for the control of the San Jose seale, the addition of 
full-strength Bordeaux mixture shotdd be compensated for by an 
increase in the oil content to 21/2 or 3 per cent. The oil-Bordeaux 
combination has also been used to a limited extent on apple in the 
delayed-dormant application, and is believed to have value at this 
stage of the development of apple foliage in the control of apple 
scab. Too little is knoAvn about the ?;afety of this practice to recom- 
mend its use. 

Copper sulphate, at concentrations of 2 pounds to 4 pounds in 50 
gallons, also forms a fairly good mixture with most of the oil 
emulsions, and has been used to a limited extent in the dornumt 
spraying of peach trees, but has in some cases caused injury to peach 
wood. 

When Bordeaux mixture and oil emulsion are combined, the 
Bordeaux and oil together tend to form a separate layer in the spray 
tank, although the oil itself does not sejiarate out. iSIoderate agita- 
tion is necessary to overcome this tendency. The copper sulphate-oil 
emulsion mixture creams very rapidly, and requires vigorous agita- 
tion if a uniform spray is to be maintained. 

In summer sprarying of apple, Bordeaux mixture appears to cause 
an even greater reduction in the effectiveness of oil in the control 
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r 1 ^r.A PinorP-oncv appHcations for scale control appear 4 

nLSLfArTnVthe^ Toil should be applied separately, ) 

and not combined with Bordeaux nuxture. 



WITH LIME-SULPHUR 



Tombinations of lubricnting-oil emulsions ^vith luuo-sulpluiv have 
be?n fSd W injurious to the foliage of deculuous-fnnt trees, 
^uf in some cases Uve caused diunage to dormant peuch wood. 
Little is r be gained by the use of such combinations, and then- 
general use is not rocommended. 

INJURY FROM OIL SPRAYS 

While the application of oil sprays during the dormant period 
has in some cas& caused injury to fruit trees, the of «! 
manv kinds of oil emulsions for dormant spraying during the last 
seven or eight yeai-s, under all conceivable vroathev conditions, war- 
rants the statement that there is little danger from the use of a 
nroperlV prepared oil emulsion or miscible oil while the trees arc 
fXdormnnt. In the Northwest, a few cases of scnous injury 
to apple trees have apparently resulted from late fa 1 or early winter 
apiEions of oil 'sprays, followed by sudden drops to subzero 
Speratures. This condition has not lieeu observed, however, when 
the snravin^' was done in late winter or onrly spring, even if tol- 
lowed by ve?y cold weather. As a general precaution, however, many 
gi^weS^do not spray when the temperature is below 40° F., esi^.- 
cially along toward night when an unusual drop in temperature 
seems to be in prospect. , • ^ , • • +1 

The foliage of fruit trees is of course more subject to injury than 
the wood, and the application of the less refined oils after the buds 
be<--in to swell alwavs involves a cortain degree of risk. In the 
Northwest the application of the Iws refined oils to apple trees atter 
the buds have commenced to swell have, under some conditions, 
caused considerable injury to the fruit buds, and in that section the 
recommendation is made that the dormant spraying be completed 
before the buds start to swell. In the eastern and middle-western 
fruit sections applications of properlj made oil emulsions or miscible 
oils during the delaved-dormant period have seldom caused appreci- 
able injury. The danger increasos as the foliage pushes out, and 
after the leaves have reached a length of a half inch the more highly 
refined oils should be employed it the use of an oil spray is found 
necessary. . .-a 

Fears have been expressed from time to time that the continiiecl 
use of oil sprays over a period of years might ultimately result iii 
cumulative injurv. The occurrence of such cumulative injury is 
very difficult to demonstrate or to disprove, hut the healthy condition 
of thousands of orchards which have received annual dormant ap- 
plications of oil sprays over a period of eight or more years would 
indicate that this danger is not a very serious one. 

As already indicated, none of the sununer or white oils can bo 
considered completely noniujurious to foliage, although some of them 
ha\'e been uaod without serious consequences. 



LUBRICATING-OIL SPRAYS FOR DORMANT FRUIT TREES 13 



INSECTS FOR WHICH OIL SPRAYS MAY BE USED 



Brief mention will be made of the more eomnion insects which may 
be controlled by the use of oils sprap, together with the concentra- 
tions of oil enmlsion needed for elleotive work. The miscible oils 
should, in most eases, be used at somewhat greater strengths than 
those indioated for the oil emulsions; more exact information as to 
the proper dilution will be found on the label. The mention of an 
insect pest in this discussion does not neeessarily mean that oils are 
recommended to the exclusion of other spraj's; in many cases lime- 
sulphur or other materials may be used with an equal degree of elFoe- 
tiveness, and under some cireumst^nces may be preferable. 

The list of scale inseets 
is by no means a com- 
plete one, but ineludes 
representatives of most 
of the important groups. 
If scale insects not spe- 
cifically mentioned here 
become troublesome, the 
reeommendations made 
for closely similar spe- 
cies will in most cases 
be found effective. 

SAN JOSE SCALE 

The San Jose seale 
{Aspidiotit,^ permicioms 
Comst.) (fig. 5) at- 
tacks practically all or- 
chard trees, and is well 
known to most fruit 
growers. The individ- 
uals which happen to be 
one-third to one-half 
grown at the close of the season are those which will survive the 
wmter in middle and northern latitudes. The concentration of oil 
emulsion needed for the control of the San Jose scale seems to varv 
as between different localities. In the ^Middle West 2 per eeut of 
actual oil (m the emulsion form) is sufficient if a thorough job of 
spraying is done. In heavy infestations, however, growers some- 
times use 3 per cent of oil in order to be sure of a kill in spots that 
are only hghtly sprayed. In other sections 3 per cent of oil has 
become the standard recommendation, while in the Pacific North- 
west 4 per cent of oil in the form of an emulsion seems to be required 
for satisfactory results. 

In the case of apple, if control has not been obtained during the 
dormant season, the use of summer oils at 1 or 2 per cent when 
crawlers are present in* numbers is of value in partially checking 
the infestation. This, however, should be considered as an emergency 
treatment, and is not recommended as a rcgidar practice. The foli- 
age of peach is too susceptible to injury by oil sprays to justify 




ri(}UKE 5.— I'lutlori of jippic twit? <'iKTUst!'<l with tlio 
San Jos<« HCal<>. Scab's of all a;.'es arc wliown in 
tiie illustration ; tln' larui'st and tiv> smaUcst onvH 
perish (luring the wint«M\ Twice natural size 
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Ihe recommendntiou of oil at a >tren-th grt.it onmi-h to -ive appro. 
dnble Srol of the San Jo.o .rale on peach during the grooving 

OYSTER-SHELL SCALE 

The ovster-shell scale {L^ phlomphcs vim! L.) (fijr. 0), a connnon 
pe^t of Iipple and pear in the Northern States, ^vlntor. over m the 
1 ^ ^ ^ e^rcr stage underneath the scale covering which 

protected the mother inject. Ilencc, to be et- 
feptive, oil spravs applied during the dormant 
sen-on must pas< through this thick scale cov- 
erinc^ and then penetrate the sheik of the eggs. 
For't'oinplete kill, from 8 to 10 p(^r cent of oil 
r^ftf^-KM nnist be used, a strength which alk)ws a rather 
i/AST^ narrow margin of safety, ahhough it has been 
Hr *.i^rfl u<*ed a great many times with no serious in- 
. Fortunately the ov^ter-shell scale iniil- 
tipiies at a comparatively slow rate, ami the 
control measures agahist it do not need to be 
so complotelv ellU-ient as is nece>sary with the 
San Jose scale in most localities. In the ma- 
jority of cases the s])rays applied for the San 
Jose scale will inci(hMitally 
keep the oyster-shell scale 
from doingVerious damage. 

(iood results in control 
have been obtained by sum- 
mer applications of the 
white oils at li/> to 2 per 
cent. These should be ap- 
plied 10 days or so after the 
tirst crawlers appear (soon 
after apple trees are in 
bloom), at wdiich time most 
of the eggs will have 
hatched, and the scale cover- 
ings over the mo^t advanced 
Individuals will still be thin 
enough to be readily pene- 
trated by the spray. As al- 
ready indicated, there is 
more or less danger of in- 
jury to foliage or fruit, par- 
ticularly if a residue of a 
sulphur fungicide is present 
on the trees. 




FiOTJUB 0. — I'orUon of 
twig pnoniHtod with 
the oysttT-sholl scalo. 
During tlio winttT the 
Bcale covering con 
coals and protects a 
looBe ma«s of p<';irly 
white ©Kss. A bout 
21/^ times natural size 



inl\'st<'<l 



Twig 

w i 1 h 

the scnrfy scale. 
The Ins^'ct win- 
t<*rs in the form 

uiuh rneath the 
scale covfrin?;. 
T w i c e natural 
size 



SCURFY SCALE 

The scurfy scale {Chlonaspis fnrfura Fitch) (fig. T) is a pest of 
apple and pear, and is most abundant in the New England and 
Middle Atlantic States. Like the oyster-sludl scale, it winters in the 
egg stage. During the dormant season the oil sprays seem to pene- 
trate the scale coverings and eggs of this species somewhat more 
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rojuHly than they do those of the oysler-shell scale, and lubrieating- 
oil einnlsion at 3 per cent strengtli has been reported to be effective. 
In ease the scurfy scale is not controlled durin^ji: the dormant season, 
the ap])lication of summer oils as outlined for the oyster-shell scale 
may be resorted to as an emergency measure. 



TERRAPIN SCALE 



The terrapin soale {Lec(uuu}n lugrofaselatum Per^ande) (fio;. ,s)^ 
a ])est of peach and plum, is lo be found durin<i; the dru innnt se:ison 
on the under sides of twigs and 
smaller branches as two-thirds 
grown females. At this time a])- 
])licatious of 4 per cent lubricat- 
ing-oil emulsion have been found 
effective. 

COTTONY PEACH SCALE 

The cottony peach scale {PuJvi- 
naria amy gd all Ckll.) hibernates 
as nearly mature scales, clustered 
mostly on the east sides of twigs 
and smaller branches, and to 
some extent on the callus growth 
around old pniiiiug scars and 
other wounds. Good results have 
been reported in New York State 
from dormant ai)plications of 4 
l)er eent lubrieating-oil emulsions. 

EUROPEAN RED MITE AND 
CLOVER MITE 

The European nul nilte {Parn- 
tifriniijchuH pilosus C\ and F.) 
(lig. 9) and the clover mite {Bry- 
ohja fractlom Koeh) pass the 
winter in the egg stage, on the 
twigs and smaller branches of 
apple, plum, j^each, and other fruits. Applications in the late- 
dprmant or delayed-dormnnt period of 3 to 4 per eent lubricatlng-oil 
emulsion have proved effective. Fall applications have failed to 
give satisfactory control. 

If mites become troublesome during the growing season, the in- 
festation may be fairly well controlled by the use of the summer 
oils at 1 to 2 per cent strength. 




Fini'RE 8. The torrnplu 8Cjilo. linrlnj? 
tlie winter the scales are fcjuml 
chiofly on the uinler Hides of the 
twiKM. Five timos natural size 



FRUIT-TREE LEAF ROLLER 

The apple pest known as the fruit-tree leaf roller {Cacoecia argy- 
roxpHa A>alker) (fig. 10) is best controlled during the dormant sea- 
son, when it is present on the trees in the egg stage. The masses of 
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ecrcrs are covered Avith a hardened gumlike substance, and 7 to 8 per 
cent of oil in the spray is required to destroy the eggs under this 
protection. ^^^^ PSYLLA 

The pear psylla 
( FKi/lIia p y r I cola 
Foerst.) (fig.^ H), a 
serious pest in por- 
tions of the northeast- 
ern part of the United 
States and in south- 
eastern Canada, hi- 
bernates as the adult 
fly " in protected 
situations in and near 
the orchard, and mi- 
grates to the trees 
with the very first 
warm days of spring. 
At this time applica- 
tions of 3 per cent 
lubricating-oil emul- 
sion have given very 



eggs of the Europoan rwl mite. 
TiU'Ho minuto eggs ure of a de«'i) red color. About IVi 



FioritK -UilxTiiatlng 

- - -- t'K 

liiiK^a natural size 




FwuRE 10. — Egg mass of 
the fruit-tree leaf rol- 
ler. The oggs In this 
particular mass have 
Imtclied. Twice nat- 
ural size 




FiouBE 11. — Pear psyUa adult 
(about 20 times natural size). 
The hibornatlu}? adults appear 
on poar troos on tho v(M'y first 
warm days of early spring 



satisfactory results. Many of the adult flies are kiUed, and the film 
of oil on the bark appears to have a great deal of residual value, re- 
ducing the number of eggs laid, and killing a high jx'rcentage of the 
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young psyllas which hatch. In Ontario the eokl-mixed Bordeaux-oil 
cMuulsion has proved the most satisfactory, and the heavier oils, 
those having a viscosity of 150 to 200, seem to be the most effective! 

APPLE APHIDS' 

Most fruit growers are familiar with the shiny black eggs of the 
api^Io ajihids, as they are found during the winter on the young wood 
of apple trees. (Kig. 12.) The eggs of these species hatch n\ early 

spring, often before the buds 
have swelled to any extent; tho 
exact time of hatching (with 
reference to the opening of the 
buds) varies in different sections, 
and with the different species of 
aphids involved. The standard 
treatment for the combined con- 
trol of apple aphids and the San 
Jose scale in sections wliere both 





FiGUUE 12. -Kffj?H of npplc npliids, as found 
rturiiig tlm winlor ou tho twigs and smal- 
ler Itrniiclu's of aiiplo trees. About six 
times natural size 



FinriiE l.'i. — Condilion of 
apple budR in tlie early 
part of tlio dolayed-dor- 
mant period. The aphids 
are cluslcred on t li e 
Rreea tips of the l)iids 
and have no protection 
againBt the spray mate- 
rial 



are troublesome has for a number of years been winter-strength lime- 
sulphur and nicotine sulphate, 1 to 1,000, applied during the so-called 
dohiyed-dorniant period (figs. 13, 14, and 15), just as the buds are 
pushing out. This combination has l)een found very effective in 
killing the newly hatched aphids, as well as many of the unhatelred 
oggs present. 

The question often arises whether it is advisable to substitute 
oil treatments for the lime-sulphur-nicotiiie mixture in orchards 
in whicli aphids must be controlled. This question is of particular 
importance in orchards in which the presence of the European red 
mitc or the fruit-tree leaf roller dictates the use of an oil spray 



fu^'^^^'^® species of apbids are involved: The rosy apple aphid (Anuravhia 



roscua Baker), 
( Rhopaloaiphum 
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in m'eforeiu'o to lime-sulphuv. To have llicMr iiiMxnmnn otF.ctne- 
n.ss in aphid ('(nitrol tho oil sprays must applml after the aph ids 
have liatched, since the oils are only partndlv oiler ivo a^nunst the 
nnhatched aphid eggs; even Nvhen applied alter tlie aphuls have 
hatched, the oils have failed in many instances to give satisfactory 
control, possibly beeanse of low t(^niperatnres at siich times, al- 
thoudi in other cases good I'esnlts have been reported. ^ 

^ Recent experiments in Ae\v 

York State have indicated a high 
degree of effectiveness in aphid 
control from a mixtnre of a o 
per cent lubricating-oil eundsion 
with U) per cent ni<*otine sul- 





FmuiiK 14. ron<litHii of npplo Inuls l;ito 
In tl)o dplavoii-donnanr p^riixl. Sprnyins 
Khould roinplHtoil briow tlX' h\nU ad- 
vniKo iK'yoiul this sta;^<' 



Fioi'RE in. — Much too Inte to 
nuikr thk' di'layiMl (lin-iuaiil 
fipplicntion. At this sta^t* 
<rf (pveioffiaont iho leaves 
iiiui Innls nviy Ix' soriuvinlv 
iiijureil by dorraant-streimtli 
sprav materials. ti\u\ 11h' 
apluds liiKl shi-ltrr In tho 
crcviirs betwiM'ii the buds, 
making it impossible to bit 
tbt'iu all 



])hate, 1 pint in 100 gallons, or 50 per cent free nicotine, foiir-fifths of 
a pint m 100 gallons, applied during the delayed-dornnmt period. 
Fnrlher experimental work and connnercial experience are needed, 
however, before this treatment can be recommended for general 
adoption in sections whei'c the application of oil sprays in the dc- 
layed-dorinant pcM'iod appears to be fairly safe. 

Thei'e is always more or le>s danger of injury during the delayed- 
(lormant period, the danger increasing as the leaves pll^h out and 
increase in size. In the Northwest the opening Inids seem to be 
especially snbjeet to injury by oil sprays, and in that section it is 
recommended that the dormant applications of oil be completed 
before the bnds swell to any extent. Jn other sections of the 
country the dangcu* of injury seems to be less, although the oil 
applications should be completed considerably earlier than the stage 
of development shown in Figni*e 15. 
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